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STATIC STABILITY CHARACTERISTICS OF A SERIES OF 
HYPERSONIC BOOST- GLIDE CONFIGURATIONS AT 
MACH NUMBERS OF 1.4l AND 2.01 
By Gerald V. Foster 


SUMMARY 


An investigation of the static stability characteristics of several 

hypersonic boost-glide configurations has b ^ en cond ^^ d J. n t ^ ^^Ol 
4- by 4-foot supersonic pressure tunnel at Mach numbers of 1. 

(with Reynolds numbers per foot of 2-90 X 10 6 and 2.41 X 10 ' ^espec- 
tively). This series of configurations consisted of a co t 
without cruciform fins, a trihedron, two low-aspect-ratio delta ng 
that differed primarily in cross-sectional shape, and two w g- y 

configurations . 

All configurations indicated reasonably linear pitching-, yawing-, 
and rolling-moment characteristics for angles of attack to at least 12 . 
The maximum lift -drag ratio for the zero-thrust condition (^se drag 
included) was about 3 for the delta-wing configurations and about 4 for 
the wing-body configurations. 


INTRODUCTION 


Boost-glide and boost-skip vehicles have been seriously considered 
as a means of achieving manned flight at hypersonic speeds. Both types 
o? vehicle s would be boosted along a ballistic trajectory to a 
speed and a predetermined altitude. The remainder of the flight would 
be unpowered, but the boost-glide vehicle would be maintained at a lift 
coefficient corresponding to maximum lift-drag ratio, whereas upon 
entering the atmosphere the boost-skip vehicle would be put into a P^llup 
maneuver at maximum lift-drag ratio. This procedure would be continued 
throughout the descent until just prior to landing. 
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discus^ tn^ncefl 4 ^ « h »*'**** ^ost-gUda vehicles are 
of a study of the static-stabi 1 itv 6 ® ren ‘'® s 3 and 4 Present the results 
hypersonic boost gliders. Y ^ COntro1 P r °blems associated with 

longiSdinal P and P lateral stabilit^ 3 T investi 8 ation of the static 

SSUSSST”' tU ° l0 — < *-»«. delta SCT'J TlTtCZl 


SYMBOL 


based on the geometrL^haracteristiL^f^h 0161113 ° f f ° rces and m °ments 

aerodynamic characterises a« ie1e r red - t ^ ls ' 

for the lift and drag coefficients 1 \ body-axis system except 

axis system. (See ft if ) vllt ’ ^ referr?d to the stability- 

ficients of all models are referred to erWJSe specified the moment coef- 
cent of the theoretical boriv ff +? * mcment center located 66.6 per- 
ststtion. 0. ical body length rearward of model longitudinal P 


p > 
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J N, 
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°n 
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The symbols used herein are defined as follows: 


lift coefficient, Fi 


,/qs 


My 'qSx 


drag coefficient, F^/qS 
pitching -moment coefficient, 
normal-force coefficient, F N/ /qS 

ra attac lt Chan8e ° f nOT “> 1 - fo ''=c coefficient with angle of 
axial-force coefficient, F A /qS 
yawing-moment coefficient, M^qSy 

yawing-moment coefficient per degree of fin deflection 
rolling-moment coefficient , M^/qSy 
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PTS 

Sb 

l/d 


side-force coefficient, Fy/qS 

side force 

lift force 

drag force 

moment about Y-axis 

normal force 

axial force 

moment about Z-axis 

moment about X-axis 



area of model base 


lift-drag ratio 

directional-stability derivative 


rolling moment due to sideslip 


4 


C 


Y 


0 


a 


0 


r 

8 


& L 


side-force derivative 


angle of attack, deg 
angle of sideslip, deg 
radius 


eon rol deflection angle (positive when control trailing edge 
is deflected down or to the left) ® 

deflection of right control, deg 
deflection of left control, deg 
deflection of vertical control, deg 


MODEL AND APPARATUS 


Pertinent dimensions and details of the seven models are ,iv P n in 
3. &nd table I ’ Ph ° t0graphS ° f the nodels are Presented in 

A?flo ded fr ° m the apeX to the base of the iody and had approximately 
82.80 sweepback of the leading edge. The vertical f ins erteS oJer 

approximately the rear JO percent of the body and had 80 ° sweepback of 
the leading edge. (See fig. 2(c) . ) sweepcack of 

MnH illvlT ta ~u ing confi S urations were represented by models 4 and 6 
Model 4 had a sharp, highly sweptback leading edge with rhombic cross’ 

Sdei 0 (firS)f ^ e Plane ° f ?"”*** al > ng the forward part of the 
model (fig. 2(d)). The rear part of model f was composed of octagonal 

le ngt h S 6 C F ixe d f X + imum Sickness of f.Q percent of the modfl 

ength. Fixed vertical stabilizers were located on both the upper and 
lower surfaces adjacent to the base as well as at the wing tips 

Snd & ? ^ h V t J bi i iZerS l0Cated &t Wing tips are shown figure* 2(e) 

Model 6 had rhombic cross sections normal to the plane of symmetry ’ 

except for a region near the base (fig. 2(g ). The forward^ percent 
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of model 6 was deflected up 5° from the model center line. Two sets of 
flaps were located rearward of 

sion of the wing lower surfaces, and a could be deflected 

the upper surfaces at the wing tips. Both sets oi naps 

10° from the flap-neutral position. 

The wing-tody combinations consisted of model 5 (fig- 2(f )), “ ode JJ 

5S SSSSf'- 

coordinates of model 7 are presented in table II. 

Force and moment characteristics of these models 

~ ~ Z .1 ti £ ^ 

to a rotary-type st g P static -pres sure tubes attached 

£ r^o^^r^e^o 2STS. pressure at the base of 

the models . 

TESTS, CORRECTIONS, AND ACCURACIES 


The tests were conducted in the Langley 4- by 4-foot su P^ son ^ 

P e« 8 £steH^^ 

from -1° to approximately 16 ° at zero sideslip “f la ^ ^ tack 

sideslip-angle range from -1 ^o V ^ ^ conducted at 

Cf approximately 0,4,0, ana n it was possible to extend 

thf rLroraSle'of’a^S lid sideslip' angle to approximately 27°. 
Models 5, 6, and 7 were tested with controls deflected symmetrically 
determine the longitudinal control characteristics and asymmetnca y 
to determine the roll control characteristics. 
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The conditions of the tests were as follows: 

Mach number 

Stagnation pressure, lb/sq in. abs 1 ' 1 ^ 2,01 

Stagnation temperature, °F " * TO 

110 no 

Reynolds number per foot « Qn v „ , f. 

2 -90 x 10 2.4-1 x 10° 

The stagnation dewpoint was maintained sufficientlv Inv ( oso v 
less) to avoid significant condensation ° T 

Of thfbala^and ^ 

herein include base pressure drac- hrw P characteristics presented 

drag coefficient of ° f the 

figure 4. The base drag was determined by JtiliziL Jhfha ^ 
measured in the vicinity of tho mn^i y tllizing the base pressure 

was applied to the total base area of each model™*’ thiS “ eaSUrement 

repeatability of the b ijsults rS Z ero t 2hift r ° e i “ OBent data ’ based on the 
instruments/are ,s foll“:’ Zer °- Shlft calibration, and random error of 


M 

F N* 

lb 

f a' 

lb 

My, 
in- lb 

in- lb 

M x, 

in- lb 

f y> 

lb 

1.4i 

±3-6 

±0.1 

±2.1 

±2.3 

±0.9 

±3.0 

2.01 

±1.7 

± .1 

±2.1 

±2.1 

± -9 

±4.o 


zero angle rl of e attack b are b estimated S to e be i co'’rect b to S withln^to n id eS Th 


PRESENTATION OF RE SILTS 


Variation of base drag coefficient with angle of attack 

T ““sna “T' r ! StlCE ° f m0del!i d < 2 < “d J; 


Figure 

4 
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Figure 

Lift-drag ratio of models 1, 2, and 3; M = 1.4l and 2.01 6 

Longitudinal characteristics of models 4, 5> 6, 7, and 8; 

M = 1.41 and 2.01 7 

Longitudinal stability characteristics of models 4 and 6 8 

Longitudinal stability characteristics of models 5, 7y and 8 . . . 9 

Lift-drag ratio of models 4, 5> 7y and 8} M = 1.4l 

and 2.01 1® 

Effects of vertical tail on the longitudinal characteristics 

of model 4; M = 2.01 H 

Longitudinal control characteristics of model 5; M = 1.41 

and 2.01 I 2 

Longitudinal control characteristics of model 6; M = 1.4l 

and 2.01 x 3 

Longitudinal control characteristics of model 7} M = 1.4l 

and 2.01 ^ 

Lateral characteristics of model 1; M = 1.4l and 2.01 15 

Lateral characteristics of model 2; M = 1.4l and 2.01 16 

Lateral characteristics of model 3j M = 1.4l and 2.01 17 

Lateral stability derivatives of models 1, 2, and 3; M = 1.4l 

and 2.01 

Lateral characteristics of model 4; M = 1.4l and 2.01 19 

Lateral characteristics of model 4 with vertical tail; 

M = 2.01 20 

Lateral characteristics of model 6; M = 1.4l and 2.01 21 

Lateral stability parameter of models 4 and 6; M = 1.4l 

and 2.01 22 

Lateral characteristics of model 5; M = 1.4l and 2.01 23 

Lateral characteristics of model 8; M = 1.4l and 2.01 24 

Lateral characteristics of model 7} M = 1.4l and 2.01 25 

Lateral stability parameters of models 5> 7 y and 8; M = 1.4l 

and 2.01 2 ^ 

Effect of yaw control of model 6 on lateral characteristics; 

M = 1.41 2 7 

Effect of yaw control of model 6 on lateral characteristics; 

M = 2.01 28 

Effect of roll control of model 6 on the aerodynamic char- 
acteristics in pitch; M = 1.4l 29 

Effect of roll control of model 6 on the lateral character- 
istics; M = 1.4l 30 

Effect of roll control of model 6 on the aerodynamic char- 
acteristics in pitch; M = 2.01 31 

Effect of roll control of model 6 on the lateral character- 
istics; M = 2.01 • 32 

Effect of roll control of model 7 on the aerodynamic char- 
acteristics in pitch; M = 1.4l 33 



8 


Figure 

of* roll control of model 7 on the lateral character- 
istics; M = 1.41 ^4 

Effect of roll control of model 7 on the aerodynamic char- 
acteristics in pitch; M = 2.01 35 

Effect of roll control of model 7 on the lateral character- 
istics; M = 2.01 


DISCUSSION 


Longitudinal Characteristics 

Body c onf igur a t ion .- The longitudinal aerodynamic characteristics 
of models 1 , 2 , and 3 presented in figure 5 are based on the geometric 
characteristics of model I and are resolved about both the stability 
and body axes. 


In general, the pitching-moment characteristics presented in 
figure 5 indicate that the cone-shaped body (model l) was neutrally 
stable through the angle-of -attack range at M = 1.4l and M = 2 01 
The slope of the normal-force curve C Na near a = 0° increased' from 

0.025 at M = 1.41 to 0.055 at M = 2.01. For model 2 (flat-bottom 
trihedron) was approximately twice a.s great as for model 1 ; 

however, the pitching-moment characteristics of model 2 are not signif- 
icantly different from those of model 1 at either M = l.4l or M = 2 0 i 

the°adJi t iS ° n ^ CN ch ^teristicso^ models land 5 indicates that' 

the addition of the cruciform fins resulted in an increase in C N from 
° ; 025 to 0.12 for M = 1.41 and from 0.03'i to 0.13 for M = 2.0i a The 
pitching-moment characteristics of model 3 are essentially the same as 
se for models 1 and 2 at angles of attack up to 4°. At angles of 
attack greater than 4° the pitching-moment characteristics of model 3 
indicate an increase in stability. 

The lift-drag ratios of models 1 , 2 , t.nd 3 are presented in 
igure b m a manner which indicates the effect of base drag. The 
results that include base drag are comparal le to a condition of zero 
thrust whereas the results. corrected for tase drag simulate a thrust 
condxt on at which the base static pressure for a given Mach nuZer U 
equivalent to the free-stream static pressure. 

, H iPg and wing-body co nfigurations . - The longitudinal aerodynamic 
characteristics of wing configurations (models 4 and 6 ) and wing-body 
m i4 u rations (models 5 , 7 , and 8 ), referred to the stability-axis 
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system, are presented in figure 7 for M = 1.4l and M = 2.01. It 
should be recalled that the data obtained with each of these particular 
configurations was reduced to coefficient form by using the geometric 
characteristics of that particular configuration. Inasmuch as the 
geometric characteristics of models 4 and 6 are approximately the same, 
a comparison of the longitudinal stability characteristics of these 
models is presented in figure 8. The longitudinal stability character- 
istics of models 5, 7, and 8 are presented in figure 9 . These results 
(figs. 8 and 9 ) indicate that changes in stability of models 4 to 8 
through the range of angles of attack of this investigation were rela- 
tively small. The results presented in figure 8 indicate that the center 
of pressure of model 6 was located forward of the center of pressure 
of model 4. This is associated with the fact that model 6 has slightly 
more area forward of the center -of -moment location than model 4 . 

Increase in Mach number from 1.4l to 2.01 had no significant effect on 
the longitudinal stability of models 4 , 5 > and 8 ; however, in the 
case of model 7 increase in Mach number resulted in a negative trim 
change . 

The L/D characteristics of the wing and wing-body configurations 
are presented in figure 10 . These results were determined from drag 
characteristics both uncorrected and corrected for model base drag. 

The maximum L/D for the zero-thrust condition (base drag included) 
was approximately 2.7 and 3*0 for the wing configurations (models 4 
and 6 ) at Mach numbers of 1.4l and 2.01, respectively. The maximum 
L/D (base drag included) of the wing-body configurations (models 5 , 7 , 
and 8 ) was approximately 4 for M = 1.4l and 2.01. Inverting model 5 
resulted in the occurrence of the maximum L/D at a slightly lower 
angle of attack. 

The results presented in figures 12 to 14 indicate that the 
longitudinal-control devices tested on models 5 , 6 , and 7 were effective 
throughout the angle-of -attack range. 


Lateral Stability Characteristics 

Body configurations .- The lateral stability characteristics of 
models 1 , 2 , and 3 (T^igs . 15 to 17 ) are summarized in figure l 8 . The 
results in figure l 8 indicate that the directional stability of models 1 
and 2 was zero through the angle -of -at tack range at M = 1.4l and 2.01. 

A comparison of the directional-stability derivatives of models 1 and 3 
Indicates that the addition of cruciform fins to the cone configuration 
provided positive stability to moderately high angles of attack. At 
M = 2.01 the effect of fins deteriorated at high angles of attack, 
resulting in directional instability of model 3* The rolling moment 
due to sideslip of models 1 and 2 was zero for a range of angles 

of attack up to approximately 12° for M = 1.4l and M = 2.01. At higher 
angles of attack, where data were obtained for M = 2.01 only, C^p for 
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model 2 became negative. The rolling moment due to sideslip for model 3 
was negative throughout the angle -of -at tack range of the investigation. 

Wing and wing-body configurations .- The lateral stability charac- 
ter is tXcsof'lnod^^ in figures 19 to 21. A 

summary of the lateral stability characteristics, presented in figure 22, 
indicates that although both models 4 and 6 were directionally stable, 

C n g of model 4 decreased with angle of attack, whereas Cn^ of model 6 

increased with angle of attack. Increase in Mach number resulted in a 
small decrease in the stability level. Both model 4 and model 6 exhib- 
ited positive effective dihedral. 


The lateral stability characteristics of the wing-body configurations 
(models 5, 7, and 8) are shown in figures 23, 25, and 24, respectively. 

The summary in figure 26 indicates that, with the exception of model 7, 
these configurations were directionally unstable at both Mach numbers. 
Model 7 exhibited positive directional stability at a = 0°; however, 
with increase in angle of attack, C n decreased for both Mach num- 


bers and became zero at about 3° to 4° angle of attack. At low angles 
of attack the rolling moment due to sideslip Cjp was positive for 


models 5 and 7; however, with increase in angle of attack the rolling 
moment due to sideslip became negative for both these configurations. 
An increase in Mach number resulted in an increase in C^p of model 5 

in the positive direction, whereas the Increase in Mach number had an 
opposite effect on of model 7« 


The data presented in figures 27 to >6 show the effects of deflected 
yaw control on the aerodynamic characteristics of model 6 and the effects 
of deflected roll control on the aerodynamic characteristics of modeDs 6 
and 7. The results presented in figure 2' 7 indicate that the vertical 
fins on model 6 provided directional control up to a e* 8.5°, the effec- 
tiveness C n ^ amounting to approximately -0.0004 at M = 1.4l and 
-0.0003 at M = 2.01. Deflecting the vertical fins of model 6 also 
produced a positive increment in rolling moment. Differentially deflec- 
ted horizontal flaps of model 6 were effective in providing roll control 
which varied linearly with a and J3j however, differentially deflected 
flaps also produced a negative pitching moment and yawing moment. (See 
figs. 29 to 32.) Differentially deflected flaps of model 7 resulted in 
positive roll control accompanied by a positive increase in yawing moment 


CONCLUDING REMARKS 


Results of an Investigation at Mach numbers of 1.4l and 2.01 of the 
static stability characteristics of several hypersonic boost-glide con- 
figurations indicate that all configurations investigated possessed 
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reasonably linear pitch, yaw, and rolling-moment characteristics for 
angles of attack to at least 12°. The values of maximum lift-drag 
ratio for zero-thrust condition (base drag included) were about 3 f° r 
the delta -wing configuration and about 4 for the wing-body 
configurations . 


Langley Research Center , 

National Aeronautics and Space Administration, 
Langley Field, Va. , August 1959* 
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TABLE I.- GEOMETRIC CHARACTERISTICS 

Model 1: 

Length, ft 2.50 

Apex angle 7° 8 ’ 

Base diameter, ft 0.513 

Base area, sq ft 0.077 

Reference dimensions: 

x, y, ft 0.313 

S, sq ft 0.077 

Model 2: 

Length, ft 2.50 

Base area, sq ft 0.082 

Reference dimensions: 

x, y, and S parameters of model 1 used 

Model 3- 

Length, ft 2.50 

Apex angle 7° 8 ' 

Base diameter, ft * 0.313 

Base area, sq ft . 0.077 

Horizontal fin area (total), sq ft O .36 

Vertical fin area 0.05 

Reference dimensions : 

x, y, and S Parameters of model 1 used 

Model b: 

Length, ft 2.50 

Base area, sq ft 0.14 

Reference dimensions: 

y (span), ft . . 0.79 

x, ft 1.67 

S, sq ft 1*19 

Models 5 and 8 : 

Length, ft 2.50 

Base area, sq ft . . . 0.06 

Reference dimensions: 

y (span), ft O .98 

x, ft 1.67 

S, sq ft 1-33 

Model 6 : 

length, ft 2.50 

Base area, sq ft 0.13 

Reference dimensions: 

y (span), ft O.83 

x, ft . . 1.67 

S, sq ft 1-3^ 

Model 7 : 

Length, ft 2.50 

Base area, sq ft 0.08 

Reference dimensions: 

y (span undeflected), ft 1*37 

x (mean geometric chord), ft 1.17 

S, sq ft 1.^9 








Moment center 
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Figure 2*- Details of models. All dimensions are in inches unless otherwise noted. 




Moment center 



Figure 2 . - Continued 






Moment center 



Figure 2 . - Continued 










Figure 2.- Concluded. 





Figure 3«- Continued. 










Figure 3*- Concluded. 



30 



Figure 4.- Variation of model base drag coefficient with angle of attack* 
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(a) M = 1.41. 

Figure 5*- Variation of longitudinal aerodynamic characteristics of 
models 1, 2 , and 3 with argle of attack. 



a, deg 


(b) M = 2.01. 


Figure 5*“ Concluded 
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Figure 6.- Effect of model base drag on the variation of lift-drag ratio with angle of attack 

for models 1, 2, and 3. M = 1.4l and 2.01. 
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(a) M = 1.4l. 

Figure 7«- Variation of the longitudinal aerodynamic characteristics 
with angle of attack for models 4, 5* 1 > BJid 8* 
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(b) M = 2.01. 


Figure 7 .- Concluded 
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Figure 9*” Longitudinal stability characteristics of ving-body configurations at 

M = 1.4l and 2.01. 
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Figure 10.- Effect of model base drag on the lift-drag ratio with angle of attack for 

models b, 5, 6, 7, and 8. M = l.4l and 2.01. 
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Figure 11.- Effects of vertical fins on the longitudinal aerodynamic 
characteristics of model M = 2.01. 
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-4 0 4 8 12 16 20 24 

a, deg 


(a) M = 1.41. 

Figure 12.- Effect of control deflection on the longitudinal aerodynamic 

characteristics of model 5* 
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-4 0 4 8 12 16 20 24 28 32 36 

a, deg 


(b) M = 2.01. 


Figure 12.- Concluded 
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(b) M = 2.01. 


Figure 13 •- Concluded 
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-4 0 4 8 12 16 20 24 28 32 36 

a, deg 


(a) M = 1.41. 


Figure l4.- Effect of control deflection on the longitudinal aerodynamic 

characteristics of model 7- 
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(b) M = 2.01. 


Figure 14.- Cone laded 
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Figure 18 .- Variation of the lateral stability parameters of models 1, 2, and 3 with angle of 

attack. M = 1.41 and 2.01. 
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(b) M = 2.01. 


Figure 21. - Concluded 
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Figure 22.- Variation of the lateral stability parameter of models 4 and 6 with angle of 

attack. M = l.Ul and 2.01. 
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/9,deg 


(b) M = 2.01. 


Figure 23 . - Concluded 
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: 4 0 4 8 2 16 20 24 

A deg 

(a) M = 1.41. 


Figure 25.- Variation of the lateral aerodynamic characteristics of model 7 

with angle of attack. 






= 2.0 



Figure 26.- Variation of the lateral stability parameters of models 5, 7, and 8 vith angle 

of attack. M = 1.41 and 2.01. 
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(t>) a = 8,4°. 
Figure 28.- Concluded. 



(a) Variation of C n , Cj, and Cy with a. 

Figure 29-- Effect of deflected roll control of model 6 on the 
aerodynamic characteristics in pitch. 3 = 0.2°; M = 1.4-1. 
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-4 0 4 8 12 16 20 24 

a, deg 


(b) Variation of C m , and Cjj with a. 


Figure 29-- Cor eluded. 











a, deg 


(a) Variation of C n , C ^ , and Cy with a. 

Figure 31.- Effect of deflected roll control of model 6 on the 
aerodynamic characteristics in pitch, p = 0.2°; M = 2.01. 














































Figure 36 .- Effects of deflected roll control of model 7 on the lateral 
aerodynamic characteristics in sideslip, a = 8.4°; M = 2.01. 
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